Introduction
Recent observational studies of mesoscale cellular convection (MCC) by Agee and Dowell (1974) pointed out some interesting differences in the geometry of convective cells. Their study determined the diameter-to-depth (or aspect) ratio for 38 cases of MCC over the oceans, consisting of 25 open and 13 closed convective patterns. Their average statistics yielded values of 30 km and 32 km, and 2.3 km and 1.3 km, for the diameter and convective depth of open and closed cells, respectively. These statistics give a mean aspect ratio for open cells of 15 to 1 and for closed cells 28 to 1, indicating that closed cells are considerably flatter than open cells. Comparative aspect ratios for MCC had been previously reported by Krueger and Fritz (1961) and Hubert (1966) . Following Krueger and Fritz's paper, Priestly (1962) suggested that the role played by anisotropic eddies in the atmosphere (compared to the molecular conterparts) might account for the larger degree of cell flatness, compared to that observed in laboratory convection experiments (~3 to 1). Ray (1965) later developed an anisotropic convection model that gave results supporting Priestly's idea. Agee, et al. (1973) have carried this idea a step further by suggesting that the degree of cell flatness is a function of both eddy anisotropy and convective depth. Specifically they propose that the aspect ratio is inversely proportional to increasing convective depth (to some power) and is directly proportional to increasing eddy anisotropy. It was even hypothesized that all convective cells for the various scales of atmospheric motion can be ordered according to these relationships. The objective of this paper has been to pursue this hypothesis through an accumulation of observational case studies that may further support or discount such an order. The various convective phenomena examined are a) open and closed MCC, b) radar "open" cells, c) thunderstorm "closed" cells, d) tropical "open" rings and e) laboratory cells. A closely related aspect of the problem also considered is the relationship of cell diameter to increasing convective depth. As already indicated the diameter of a convection cell may decrease even through convective depth increases. Additional observational support for such a relationship is presented, even though contradictory to the results from classical theoretical studies as reported by Chandrasekhar (1961) .
Statistics from case studies of cell geometry
The hypothesis on the order of cell geometry as a function of increasing convective depth (h) and eddy anisotropy (n) was presented by Agee, et al. (1973) . A family of curves for different degrees of n was suggested, corresponding to different types of convective phenomena, where increasing anisotropy produces greater cell flatness. The possible role of increasing h is more difficult to ascertain since the aspect ratio is inversely proportional to convective depth by definition. However, ample reasons do exist (to be discussed later) which indicate that the diameter (D) of a convection cell decreases with increasing convective depth for a specific convective phenomenon.
Consequently the aspect ratio should be regarded as inversely proportional to convective depth to some power greater than one, contrary to that given by Agee and Dowell (1974) .
To accumulate observational data to examine the hypothesis, a survey of the literature was made to locate case studies on cell geometry for different convective phenomena. The results of this effort are presented in Fig Rosmond's (1973) theoretical result on the role of stable stratification in cell flatness seems to bear out this observational difference between open and closed MCC even though he disregards the role of eddy anisotropy. Furthermore it has been observed in DMSP satellite imagery during the AMTEX, as shown in Fig. 2 , that the diameters of MCC often decrease for cells located farther from the cold front toward the polar air *mass. In Fig. 2 , open cells are observed in polar air moving out over the Yellow, East China and Philippine Seas. Both open and closed cells (to the east and south of Okinawa, respectively) toward the frontal cloud zone tend to have larger diameters than the cells located to the northwest of Okinawa in the A theoretical proof that the aspect ratio is inversely proportional to the square of the convective has been given by graduate student David Mitchell in unpublished thesis work in progress. Experiment (AMTEX). The pattern of MCC depicted over the Yellow Sea, East China Sea, Okinawa (*), and Philippine Sea during a cold air outbreak shows the typical increase in cell diameter as one moves closer to the frontal zone East China and Yellow Seas. The likely greater thickness of the polar air away from the frontal zone suggests that cell diameters may decrease with increasing convective depth. The results of the observational study by Agee and Dowell (1974) also suggest the same conclusion. Interestingly, many theoretical studies on marginal convective stability have been made, e.g. Agee and Chen (1973) , which conclude that convection occurs easier in deeper fluids and that cell diameter increases as convective depth increases. In addition to the apparent atmospheric contradiction to the classical linear theory of convection, experimental results are equally confusing. For example the heat flow experiments conducted aboard Appolo 14 reported on by Grodzka and Bannister (1973) yielded results similar to the atmospheric case. Convective arrays of cells were produced in Krytox oil due to surface tension effects (since the gravity field was only 10-* g). It was observed that, contrary to classical theory, convection occurred first in the thinner fluid layer and about 23 seconds later in the thicker fluid layer.
In addition to the statistics on open and closed MCC, efforts were made to search for other case studies on cell geometry for convection occuring at a different scale. The next best candidate was the hexagonal arrays of open convection cells occurring in clear air that have been monitored by radar. This phenomenon was most appropriate to consider since cell diameters were appreciably smaller than those for MCC. Aspect ratios and convective depths for six cases of clear air echo returns were extracted from the case studies reported on by Hardy and Ottersten (1969) and Konrad (1970) . These results as shown in Fig. 1 are significant since the aspect ratios of radar cells are considerably less than those for MCC, even though convective depths are comparable. This result is consistent with the implication of the hypothesis that the cell diameter (and therefore the aspect ratio) increases with increasing eddy anisotropy. It is tempting to conclude that radar "clear air" cells occur in an environment that is more isotropic than that containing patterns of MCC (although certainly not proven by these observational implications). It does follow that the mean cell diameter for MCC is an order of magnitude greater than that for radar cells even though convective depths are the same.
The next convective phenomenon of interest in the study were the case studies of isolated "open" rings in the tropics reported on by Vonder Harr et al. (1968) and Loranger (1974) . The convective cells were different from MCC and radar cells in that they did not occur in arrays but as isolated cloud rings (surrounding clear skies) with a mean diameter of 75 km. These cells were also different in that they produced appreciable rainfall in the annulus cloudy ring in association with strongly penetrating convective towers. The three cases plotted in Fig.  1 seem to fall close to the branch of the hyperbola that fits the scatter of points for open and closed MCC. It appears that the difference in the degree of eddy anisotropy for tropical rings and for MCC is small.
Next attention was given to the notion that cells within thunderstorms might also fit into this suggested order for convective geometry. It was recognized, however, that for such cells the convective depths are large and the aspect ratios are small. However, two cases associated with weak thundershowers during the Thunderstorm Project are plotted in Fig. 1 , based on the report by Byers and Braham (1949) . It is resonable to assume that this curve could be extrapolated to the left to include cumulus congestus or even smaller cumuli. Interestingly this curve extended comes close to that for radar cells, which are capable of producing small cumuli if moisture is sufficient. It is noted in passing that two-dimensional convective geometry (e.g. cloud streets) frequently occurs in the atmosphere but this paper is limited to a discussion of threedimensional convection.
Finally an examination of results from laboratory experiments on convection were made and weighed against the ideas proposed. Three data points are given for experimental results on laboratory cells, reported by Brunt (1951) , indicating that laboratory cells are not nearly as flat as atmospheric cells. Other data points were available for plotting but such was inappropriate since aspect ratios were usually less than 3 to 1 and convective depths small. An implication of this result is that laboratory convection cells have the least degree of anisotropy when examined in light of the thesis of this study. Interestingly the heat and momentum transport in the atmosphere occurs in accordance with the anisotropic state of the ever-present small-scale eddies. In the laboratory experiments, however, convection occurs where molecular viscosity and conductivity dominate. It is very appropriate, therefore, to find the cases for laboratory cells concentrated in the corner region at the origin in Fig.  since the role played by anisotropic eddies ha now vanished.
Conclusions
Observational case studies of cell geometry for different convective phenomena have been sum marized that support the following conclusions a) The aspect ratio of a convection cell i inversely proportional to the square of the convective depth, and b) A family of curves for aspect ratio plotted against convective depth for different convective phenomena is generated for different degrees of eddy anisotropy.
Specifically, for a given convective depth the aspect ratio increases (i.e. flatter cells) as the degree of eddy anisotropy increases.
Further implications of this summary are that the classical results of linear convective theory fall short in explainting observational features, which perhaps can be explained by nonlinear models.
These shortcomings are 1) the relationship between cell diameter and convective depth, and 2) the preferred onset of convection in thin or thick fluid layers.
